Study objective: Evidence on variability in emergency medical services use is limited. We obtain national evidence on geographic variation in the use of ambulance transport to the emergency department (ED) among Medicare enrollees and assess the role of health status, socioeconomic status, and provider availability.
INTRODUCTION
Emergency medical services (EMS), ranging from 911 calls and medical dispatch to emergency and trauma care that take place before a patient's arrival to the hospital, are a vital component of the out-of-hospital health care system, which covers virtually all ill and injured Americans. Despite its recent growth-most of the current infrastructure was developed in the last 60 years-there is "enormous variability in the design of EMS systems among states and local areas," with half the systems relying on the local fire department. 1, 2 To date, there is little evidence on geographic variation in EMS use. 1 Data from the National Hospital Ambulatory Medical Care Survey (NHAMCS), an annual survey of ED patients, indicate that the number of ambulance transports to the ED was 20.4 million in 2012, amounting to 6.5 transports per 100 population. 3 NHAMCS data are the basis for much of the current national evidence on ambulance transport to the ED [4] [5] [6] ; however, because of limited sample size, geographic variation cannot be measured. 7 Other cohort studies of hospitalized patients with acute conditions have examined use of ambulance transport in evaluating patient outcomes, but provide little information on geographic variability. [8] [9] [10] [11] Also, because much of the current evidence is based on data about ED patients and because propensity to seek ED care varies by geography, rates of use of ambulance transport at the community level may differ from that among ED patients.
Editor's Capsule Summary
What is already known on this topic National database assessments suggest 6.5 transports per 100 persons per year, but little is known about geographic variability at the community level.
What question this study addressed
The geographic variability in ambulance use among Medicare enrollees and the relative contributions of health status, socioeconomic status, and provider availability to this variability.
What this study adds to our knowledge Medicare enrollees use ambulance transport frequently, with significant geographic variability (range 9.3 to 37.8/100 person-years). Health status accounted for the largest proportion of variability (30.1%), followed by socioeconomic status (12.8%) and provider availability (2.9%).
How this is relevant to clinical practice
This does not affect practice but may assist in improving access to services in the Medicare population.
provider availability-in accounting for the geographic variation in ambulance use.
MATERIALS AND METHODS Study Design
We performed a retrospective cohort study of a random sample of Medicare enrollees aged 66 years and older and their use of ambulance transport to the ED.
Our primary data source was administrative claims data covering all inpatient and outpatient care received by Medicare enrollees. Among all Medicare enrollees, we identified 22.1 million aged 66 years or older on January 1, 2010, and who were continuously enrolled in the Fee-forService plan (Parts A and B) during 2009 to 2012. Treating these enrollees as the sampling universe, we obtained a random sample of 999,999 enrollees stratified by region, race/ethnicity, and (zip code-level) household income. We included individuals aged 66 years and older to ensure availability of data on at least 1 year of previous health care use in Medicare. We used Dartmouth Institute's partitioning of the country into 306 hospital referral regions, derived from identification of contiguous areas wherein a majority of acute inpatient care of residents is provided 13 ; our sample had 1,140 to 11,470 enrollees from each hospital referral region. We obtained person-level sampling weights to provide estimates for the universe of 22.1 million enrollees. We examined the use of ambulance transport and emergency department (ED) care during 2010 or until death for enrollees who died during 2010. As factors that potentially mediate geographic variation in ambulance and ED use, we identified several area-level and hospital-level data from previous literature on geographic variation in health care use. 12, 14, 15 We used US Census Bureau data on zip code-level socioeconomic status measures, including median household income, Englishlanguage proficiency, and foreign birth. 16 We characterized provider availability according to proximity to hospitals, using data from the American Hospital Association survey (2010), 17 area-level availability of physicians from the Dartmouth Institute, 14 and urban designation of enrollee county residence. 18 In the Medicare data, we identified individual ED visits not resulting in admission according to outpatient claims (revenue center codes 0450 to 0459 or 0981) and ED visits resulting in inpatient admission, using inpatient claims (a positive value of ED charge amount). 19 We identified emergency ambulance transport to a hospital ED from a nonhospital setting, using claims arising from ambulance transport and ED visit. First, we identified ambulance service claims for emergency ground transport (Healthcare Common Procedure Coding System [HCPCS] code A0427, A0429, or A0433 and a positive value in the mileage indicator field A0425) from any location other than a hospital (based on the origin field) to a hospital (based on the destination field). 20, 21 Second, to ascertain transport to an ED, we included ambulance transport claims for which the date of service was the same day or the day before the date of the ED visit.
Outcome Measures
Our main outcomes were ambulance transport rate, defined as the number of ambulance transports to the ED per 100 person-years and an indicator of community-level ambulance use, and proportion of ED visits by ambulance, defined as the proportion (%) of ED visits using ambulance transport, an indicator of ambulance use among ED patients. As a secondary outcome, we also examined the number of ED visits per 100 person-years, the ED rate.
We identified enrollee age at baseline, sex, and race/ ethnicity (grouped as Hispanic, non-Hispanic black, nonHispanic white, non-Hispanic Asian, and other); "other" included 0.02% of enrollees with no race/ethnicity information. In identifying Hispanics, we used the imputed Hispanic indicator field (included in the Medicare enrollee data), developed with name and location data.
We characterized enrollee health status by the prevalence status for 24 chronic conditions identified by the Centers for Medicare & Medicaid Services (CMS) according to claims from previous health care claims. 25, 26 These conditions were developed by the Department of Health and Human Services to identify Medicare enrollees at risk of multiple chronic conditions and higher health care use. 27 Because these conditions contain common chronic ones among the elderly, including heart disease, stroke, cancer, chronic obstructive pulmonary disease, kidney disease, and osteoporosis, there is considerable overlap with other commonly used comorbidity classifications (eg, Elixhauser comorbidity). 28 We characterized the reason for an ED visit, using the admitting diagnosis code (for individuals hospitalized) or the principal discharge diagnosis code (for those not hospitalized); this International Classification of Diseases, Ninth Revision, Clinical Modification code was categorized with the Agency for Healthcare Research and Quality's Clinical Classification System. 29 The admitting diagnosis was used instead of the principal diagnosis because the former is a better indicator of the presumed reason for seeking ED care; this code is unavailable for ED visits not resulting in admission. 30 For enrollees who died during 2010, we used the number of days (in 2010) until death as the observation (exposure) period; all others were observed for the whole year (365 days). This measure was used to obtain ambulance transport and ED rates per 100 person-years of observation.
To characterize socioeconomic status, we used several patient and zip code-level indicators. Using enrollee data, we identified individuals with dual Medicare-Medicaid coverage (as of January 2010) as an indicator of low income. 31 We mapped enrollees, using their residence zip code, with US Census Bureau measures on median household income, English-language proficiency ("speak English less than well"), vehicle ownership, foreign birth, and rental housing (proportion of households in rental homes). 16 We identified several measures of provider availability according to the location of all nonfederal general and surgical hospitals with an ED. 17 We identified whether enrollee residence zip code was within 5 miles of an ED, number of EDs within a 5-mile distance, and characteristics of the nearest ED hospital (teaching hospital status, criticalaccess hospital status, ownership, and bed size). Because availability of health care resources and patterns of their use vary by regional population and density, we characterized enrollee's county location with the federal designations of metropolitan statistical area, micropolitan statistical area, and other areas. 18 We also included a hospital referral region-level measure of the number of all physicians per 1,000 population. 14 
Primary Data Analysis
Our analysis had 2 objectives: first, to measure the extent of geographic differences in 3 measures, ambulance transport rate, ED rate, and the proportion of ED visits by ambulance; and second, to evaluate the potential mediating factors associated with the geographic differences. All our results were based on appropriate adjustment for the sampling (stratification) design and weights to produce estimates representing the aforementioned national population of 22.1 million Medicare enrollees.
The overall ambulance transport rate was obtained as the observed number of ambulance transports per 100 personyears of observation. For comparability across regions, we obtained age-and sex-adjusted ambulance transport rate for each hospital referral region, using Poisson regression estimates with the number of ambulance transports for each enrollee as the outcome measure; and age, sex, and hospital referral region indicators as covariates. 15 Using the number of ED visits for each enrollee as the outcome measure, we used a similar approach to obtain estimates of overall ED rate and age-and sex-adjusted ED rate for each hospital referral region. To estimate the proportion of ED visits by ambulance, we aggregated all enrollees into cohorts by age, sex, and hospital referral region (N¼1,836) and defined the proportion of ED visits by ambulance for each cohort as the outcome measure. The overall proportion of ED visits by ambulance was measured as the average across cohorts, adjusted for sampling stratification and weights. Hospital referral region-level age-and sex-adjusted proportion of ED visits by ambulance was obtained from estimates of a linear regression, with cohort-specific proportion of ED visits by ambulance as the outcome and age, sex, and hospital referral region as covariates.
To examine potential mediators associated with geographic variation in outcome measures, we grouped the 306 hospital referral regions into quartiles based on hospital referral region-level age-and sex-adjusted value of each outcome measure. Treating the lowest quartile as the reference category, we measured the relative rate in the other quartiles 2 ways: without adjusting for any mediators ("base model") and adjusting for all mediators ("full model"). The change in the relative rate, say, between the highest and the lowest quartile between base and full models was the basis for measuring geographic differences associated with mediators. 32 Additional details about this approach are provided in Appendix E1 (available online at http://www.annemergmed.com).
As noted in the previous section, we examined a range of potential mediators relating to multiple domains (eg, patient health status, socioeconomic status). To further evaluate the independent contribution of the different mediators, we first grouped them by domain into 3 categories: patient health status, socioeconomic status, and provider availability. We obtained the contribution of each domain by reestimating the full models with the mediators from each domain included versus excluded. Additional details about this approach are provided in Appendix E1 (available online at http://www.annemergmed.com). Our choice of potential mediators and methodology was drawn from previous studies of variation in Medicare spending and patient outcomes. 15, 32 We performed several secondary analyses. First, we compared rates of prevalence of chronic conditions across hospital referral region quartiles, using Poisson regression models adjusting for age and sex; we also tested for linear trend in prevalence rate by hospital referral region quartile. Similar analyses were also performed for comparing across hospital referral region quartiles the incidence of the common acute conditions associated with ED visit. Second, given previous evidence of geographic variation in overall Medicare spending, we examined the correlation between hospital referral region-level ambulance use measures and total Medicare annual spending (age and sex adjusted). 12, 14, 15 We obtained heteroscedasticity-consistent robust standard error estimates adjusted for the stratified sampling design and weights. 33 Statistical significance was assessed at P<.05. All estimation was performed with Stata (version 14.1.34; StataCorp, College Station, TX). The Boston University Medical Campus Institutional Review Board approved this study.
RESULTS
During 2010, our study sample of 999,999 enrollees had 627,993 ED visits, of which 230,221 were by ambulance transport; 53,690 enrollees (5.4%) died during 2010. Overall, there were 22.2 ambulance transports to the ED and 58.3 ED visits per 100 person-years, with a proportion of ED visits by ambulance of 36.7% (Table 1  and Table E1 [available online at http://www. annemergmed.com]). Ambulance transport rate, ED rate, and proportion of ED visits by ambulance were higher among enrollees who were older, were women, had dual Medicare-Medicaid coverage, and had closest ED hospital characterized by larger bed size (>300 beds), noncriticalaccess hospital, and for-profit ownership. Ambulance and ED rates were higher among non-Hispanic blacks and in areas with low income, limited vehicle ownership, ED proximity, and nearest ED in a teaching hospital.
We found large geographic variation in ambulance use and proportion of ED visits by ambulance: Adjusted for age and sex, ambulance transport rate ranged from 16.3 (ambulance transports to the ED per 100 person-years) in the lowest quartile hospital referral regions to 28.4 in the highest quartile; the corresponding range for proportion of ED visits by ambulance was 27.6% to 43.1% (Table 2) . Individual hospital referral regions had sharply differing rates: Ambulance transport rate ranged from 9.3 (Takoma Park, MD) to 37.8 (Charleston, WV), and proportion of ED visits by ambulance ranged from 15.1% (Baltimore, MD) to 57.6% (Wilkes-Barre, PA) ( Table 2 ). Hospital referral regions with high ambulance transport rate are distributed across many states, and states with hospital referral regions with high ambulance transport may have a lower proportion of EDs by ambulance ( Figure 1 and Table E2 [available online at http://www.annemergmed. com]). However, Massachusetts, New York, and Ohio had hospital referral regions in the highest quartile on both measures; and lowest quartile hospital referral regions on both measures were concentrated in the Midwest and Mountain regions.
Adjusting for health status, socioeconomic status, and provider availability, the difference in ambulance transport rate between the highest (quartile 4) and lowest (quartile 1) ambulance transport rate hospital referral regions was reduced by 43% between the base model (1.75; 95% confidence interval 1.69 to 1.81) and the full model (1.43; 95% confidence interval 1.38 to 1.48) (selected estimates are in Table 3 ; complete regression estimates are in Table E3 , available online at http://www.annemergmed. com). The corresponding difference decreased by 50% for quartile 2 versus quartile 1 and by 45% for quartile 3 versus quartile 1. Among the 3 domains, health status accounted for the largest proportion of variability (30.1%) between quartile 4 versus quartile 1 hospital referral regions, followed by socioeconomic status (12.8%) and provider availability (2.9%). Alzheimer's disease and dementia (incidence rate ratio¼1.73), lung cancer (1.57), heart failure (1.53), chronic obstructive pulmonary disease (1.51), and dual Medicare-Medicaid coverage (1.47) were associated with higher ambulance transport use. Compared with nonHispanic whites, Hispanics (0.73) and Asians (0.61) had lower rates, whereas non-Hispanics blacks had a higher rate (1.09). Geographic variation in the proportion of ED visits by ambulance was relatively smaller; the age-and sexadjusted rate in the highest-quartile hospital referral regions exceeded that in the lowest-quartile hospital referral regions by 15.5% (interquartile ratio¼1.155) (selected estimates in Table 3 ; complete regression estimates are in Table E4 , available online at http://www.annemergmed.com).
Adjustment for all the covariates in the full model reduced this difference modestly (7%), to 14.5%.
We found positive correlation between annual Medicare spending per person (dollars) and both measures of ambulance use (R 2 : ambulance transport rate¼27%, proportion of ED visits by ambulance¼14%) (Figure 2 ).
LIMITATIONS
We recognize several limitations of this study. First, there are limitations associated with the use of claims data in the study of health care use in general and for ambulance and ED use in particular 34, 35 : accuracy and quality of clinical codes may be inconsistent; reported diagnosis codes do not capture patient disease severity and may understate patient comorbidity; and Medicare claims data include only services covered by CMS. We concede that our analysis to obtain risk-adjusted rates of ambulance and ED use by geography may be affected by inconsistency in coding by providers and regions. However, Medicare data have unique strengths compared with other claims and survey data. The Centers for Disease Control and Prevention's NHAMCS data are too small to be used for geographic comparison even at the state level. The Agency for Healthcare Research and Quality's Healthcare Cost and Utilization Project national databases (National Inpatient Sample and Nationwide Emergency Department Sample) Table E1 , available online at http://www.annemergmed.com. † Ambulance transport rate¼number of ED visits using ambulance transport per 100 person-years; ED rate¼number of ED visits per 100 person-years. The proportion of ED visits by ambulance is not a simple ratio of ambulance transport rate to ED rate; instead, it is the sampling weight-adjusted average of the proportion of ED visits by ambulance defined at the cohort (age/sex/hospital referral region) level, as noted in the "Primary Data Analysis" section. ‡ Income is measured in terms of median household income at zip code level. Other zip code-level measures included (speak English less than well, do not own vehicle) are measured for zip code population aged 65 years and older. § Metropolitan statistical area denotes county or counties with a core urban area with 50,000 or more population, and micropolitan statistical area denotes county or counties with core urban area population between 10,000 and 50,000.
do not contain information on ambulance use; furthermore, information on ED use in the National Inpatient Sample and Nationwide Emergency Department Sample is based on a random sample of hospitals and patients from a subset of all states (N¼33) and does not contain a patient identifier to capture repeated ED use. Medicare data do not have these limitations and have been commonly used in the assessment of use and health outcomes associated with ambulance and ED services. 11, 12 In the present study, our primary focus is on use of ED and ambulance services; because Medicare covers both ambulance and ED use, our data are likely to comprehensively include all use of these services and are suitable for examining geographic differences in use.
Second, our data do not include Medicare enrollees on managed care plans; they comprised 23% of all Medicare enrollees in 2010. 36 Unfortunately, use data for such enrollees are not yet available; accordingly, our study findings may not be generalizable to this population. Also, although our estimates (for 2010) are not based on the most recent Medicare data, our supplementary analysis of ambulance and ED use rates for the cohort survivors in a later year (2014) indicated stability in the rates over time, overall and among age and sex subgroups. Third, limited patient-specific socioeconomic measures in the Medicare data may underestimate their relative role in geographic variability. We included a range of zip code-level indicators of socioeconomic status; however, we recognize their limited sensitivity compared with patient-specific measures. 37 
DISCUSSION
Our study of ambulance use to ED among Medicare enrollees highlights 3 findings. First, there is wide geographic variability: for rates measured by the number of ambulance transports per 100 person-years, there was a 4-fold difference between the lowest (9.3) and highest (37.8) rates across hospital referral regions. Second, health status accounted for the largest variation in ambulance transport rate (30.1%), followed by socioeconomic status (12.8%) and provider availability (2.9%). Third, geographic variability in ambulance use measured at the community level differed from that measured among ED users.
To our knowledge, this study provides the first estimates on geographic variability in ambulance use at the community level. Our estimates and those from previous studies (primarily based on NHAMCS data) are not HRR, Hospital referral region. *Age-and sex-adjusted rate is reported with the corresponding 95% confidence interval. † As noted earlier (Figure 1) , we identified the HRRs that formed the 4 quartiles for each of the 3 outcome measures according to age-and sex-adjusted rates of each outcome by HRR. Estimates for ambulance transport rate are age-and sex-adjusted rates for each quartile obtained from an enrollee-level Poisson regression model (N¼999,999) of number of emergency ambulance transports on age, sex, and indicators of quartiles of HRRs, treating the number of days alive during 2010 as the exposure measure. The regression estimates (rates and standard errors) were adjusted for stratified sampling design and weights. Estimates for proportion of ED visits by ambulance (percentage) were obtained with HRR-cohort level data in which HRR enrollee population was stratified by age (3 categories) and sex (N¼306Â3Â2¼1,836), a linear regression model with observed proportion of ED visits by ambulance as the outcome measure and indicators of age, sex, and HRR quartiles as covariates, and stratified sampling weights. ‡ B gives the age-and sex-adjusted rate based on direct standardization method; these HRRs estimates were also used in defining HRR quartiles identified in Figure 1 .
directly comparable because of differences in time of data. Although our study estimated 22.2 ambulance transports per 100 person-years in 2010, an earlier study estimated this rate to be 16.7 (1997 to 2000). 5 Another previous study estimated an ambulance transport rate by age group of 10.9 (65 to 74 years) and 26.2 (75 years and older) in ; the corresponding rates in our data were 11.5 and 31.2. For better understanding of the differences, further research needs to perform side-by-side comparison of the different sources of ambulance and ED use.
Health status accounted for 30.1% of the ambulance transport rate difference between the highest and lowest Figure 1 . Geographic variation in ambulance transport rate and proportion of ED visits by ambulance by hospital referral region.* *In defining the 4 quartiles for each of the 3 outcome measures, we used the direct standardization method to estimate age-and sex-adjusted rate of each outcome measure by hospital referral region (HRR). We then grouped the 306 HRRs into quartiles by the HRR-level age-and sex-adjusted outcome rate (eg, ambulance transport rate) and HRR-level enrollee population so that all quartiles had approximately similar enrollee population sizes. To enable adjustment of estimates (and standard errors) for stratified sampling design and weights, we implemented direct standardization with Poisson regression models. For ambulance transport rate, we estimated a person-level model (N¼999,999), and for proportion of ED visits by ambulance, we estimated an HRR-cohort-level model (N¼306Â3Â2¼1,836) in which each HRR enrollee population was stratified by age (3 categories) and sex.
quartile regions. This pattern is consistent with studies of geographic variation in overall Medicare spending, which found that health status accounted for up to 30% of the spending variation. 15, 38 We recognize that greater use of medical services is associated with identification or documentation of more health problems, which may overestimate the share of variation in ambulance use attributed to health status. 15 Our findings indicate lower ambulance use among many subgroups: Hispanics, Asians, areas with limited English proficiency, and nonmetropolitan statistical areas. This is consistent with evidence of access barriers in the use of ambulance and ED services in the form of limited transport alternatives, health literacy, and English proficiency. [39] [40] [41] [42] [43] [44] [45] In assessing the implications of differential ambulance use, we note that there is "no expert consensus on what constitutes medical necessity for ambulance use" and perception of emergency need may vary. 39, 46 Evidence indicates that ambulance use is associated with improved patient outcomes, particularly for time-sensitive acute medical events, such as stroke, 8 myocardial infarction, cardiac arrest, 11 and respiratory failure. 10 An unexpected finding was the difference in patterns of ambulance use among the community population versus that among ED patients. Ambulance use among ED patients is measured by the proportion of ED visits by Provider availability Metropolitan location and distance to nearest ED (N¼3) 2.9 2.0 *The results reported here are selected estimates from the base and full model regressions. For the complete regression estimates corresponding to Table 3A, see Table E3 (available online at http://www.annemergmed.com), and for the complete regression estimates corresponding to Table 3B, see Table E4 (available online at http://www. annemergmed.com). † The focus here was on examining the extent to which factors from the 3 domains (health status, socioeconomic status, and provider availability) accounted for the difference in ambulance and proportion of ED visits by ambulances between the first and the remaining quartiles. We took the age-and sex-adjusted differences (base model) as the baseline interquartile difference and examined the changes in the interquartile differences in the full model after adding the factors from the 3 domains. All estimates from base and full models for ambulance transport rate are reported in Table E4 (available online at http://www.annemergmed.com), and that for proportion of ED visits by ambulance are reported in Table E2 (available online at http://www.annemergmed.com). ‡ For analysis of ambulance transport rate, base and full models were Poisson regressions, and interquartile differences were estimated as incidence rate ratios (IRRs), treating In Table 3B , the focus was on the extent to which full model factor domains accounted for the difference in interquartile differences in the base model (in Table 3A ). Here we focused only on the difference between quartile 1 and quartile 4; that is, we assessed how much each of the 3 domains contributed to the 43% reduction in quartile 4 vs quartile 1 difference in ambulance transport rate. One approach is to sequentially add factors from each domain and assess the change in quartile 4 vs quartile 1 difference; but this approach is sensitive to the ordering of the sequence of domains added. Instead, following Birkmeyer et al, 32 we measured the percentage change in the interquartile difference (quartile 1 vs quartile 4) from omitting all the covariates related to a domain from the full model. For instance, to assess the contribution of health status, we estimated the model with all covariates except health status and estimated the percentage change in the quartile 4 vs quartile 1 difference. The sum of contributions from all domains does not add to 100% because contribution from each domain is obtained by comparison not with the base model, but with a model with all other domains included; hence, it is a conservative estimate of the exclusive contribution of each domain.
ambulance measures, and that among community population is measured by the ambulance transport rate. We found that health status, socioeconomic status, and provider availability were associated with 43% of the variability in ambulance use at the community level and 7% of the variability among ED patients. One plausible explanation is that access to ambulance services may itself be an important mediator in use of ED services; that is, individuals with access barriers for ambulance services may also have barriers to access ED care. Given that much of the current evidence on ambulance use is based on NHAMCS data, which is a survey of ED patients, our findings indicate that the patterns on ambulance use obtained from NHAMCS data may not be representative of populationlevel patterns in use of ambulances. 4, 5, 7, 39, 44 In light of the enormous variability in the ownership, organization, and operation of EMS across local areas and regions, the Institute of Medicine cited "limited evidence base" as a key deficiency in the development of national performance standards. Addressing an evidence gap, to our knowledge this study provides the first broad-based national estimates on geographic variability in use of emergency ambulance transport among Medicare enrollees. Health status and socioeconomic status were associated with substantial ambulance use variation at the community level; these findings suggest a need for further research to evaluate appropriateness of ambulance use, barriers in its use, and effect on patient care and outcomes.
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APPENDIX E1 Analysis: additional details
The following provides more detail about the "Primary Data Analysis" section in the main article.
Our approach to assessing the role of patient-and area-level mediating factors associated with geographic variability involved 2 steps. First, we estimated age-and sex-adjusted ambulance transport rate at HRR level and then grouped all HRRs into quartiles. Second, focusing on interquartile differences in ambulance transport rate, we evaluated the extent to which these differences were reduced by adjusting for the mediating factors. Using a Poisson regression model with the number of ambulance transports as the outcome, we estimated 2 models: a "base" model with only age and sex as covariates and a "full" model with all factors included. Both models included indicators of HRR quartiles; quartile indicator coefficient estimates in each model, expressed as IRR, measured interquartile geographic variation.
We used previous work on determinants of health care use and geographic variations in use to identify a wide range of potential mediating factors. Starting with all factors in the full model, we excluded factors that were not significantly associated with ambulance use in the final version. We grouped the factors in the final model into 3 domains: health status, socioeconomic status, and provider availability. We measured the geographic variation in ambulance transport rate associated with each domain as the percentage change in the IRR between highest and lowest ambulance transport rate quartiles (quartile 1 vs quartile 4) from a revised Poisson regression model excluding all covariates related to each domain from the full model. For instance, to estimate the interquartile difference associated with health status, we estimated a Poisson model excluding health status indicators from the full model and estimated the percentage change in the interquartile IRR relative to that from the full model; this measured how much variation in ambulance transport rate would decrease if there were no variations in health status.
We performed analogous analysis for geographic variability in the proportion of ED visits by ambulance. This analysis was performed at a cohort level because individuals with no ED visits did not contribute to this measure and those with an ED visit may have had more than one visit. We aggregated all sample enrollees by age, sex, and HRR into cohort observations (N¼1,836) and used the observed proportion of ED visits by ambulance at the cohort level as the outcome measure. We estimated a linear regression to obtain age-and sex-adjusted rates by HRR and quartiles of HRR by proportion of ED visits by ambulance. Focusing on interquartile differences, we estimated a full-model linear regression with covariates from all domains and obtained estimates of the change in quartile 1 vs quartile 4 differences attributed to the 3 covariate domains. Table E1 . Ambulance transport rate¼number of ED visits using ambulance transport per 100 person-years, and ED rate¼number of ED visits per 100 person-years. All rates are adjusted for the stratified sampling design and weights to represent the rates for the underlying sampling universe of 21.6 million Medicare enrollees aged 66 years and older continuously enrolled in the Fee-for-Service plan from 2009 to 2012. Percentage of foreign born is measured for zip code population aged 65 years and older. Percentage of households in rental income is measured for households with the "householder" (identified as the primary earner) aged 65 years and older. 
